Introduction: Treatment guidelines recommend a stepwise approach to glycemia management in patients with type 2 diabetes (T2D), but this may result in uncontrolled glycated hemoglobin A1c (HbA1c) between steps. This retrospective analysis compared clinical and economic outcomes among patients with uncontrolled T2D initiating two oral antidiabetes drugs (OADs), glucagon-like peptide-1
generally maintained throughout the follow-up period. Average HbA1c reductions from the 6 months pre-to 1 year post-index date were -1.2% for GLP-1 RA, -1.6% for OADs, and -1.8% for basal insulin. HbA1c \ 7.0% at 1 year occurred in 32.6%, 47.5%, and 41.1% of patients, respectively. Annual healthcare costs (mean [SD] ) were lowest for OAD (US$10,074 [$22,276] ) followed by GLP-1 RA (US$14,052 [$23,829] ) and basal insulin (US$18,813
INTRODUCTION
The American Diabetes Association (ADA) Standards of Medical Care in Diabetes recommend individualized treatment to achieve control of glycated hemoglobin A1c (HbA1c) levels soon after diagnosis [1] . The ADA-recommended HbA1c goal for most people with diabetes is \ 7.0%, while that from the American Association of Clinical Endocrinologists and the American College of Endocrinology is B 6.5% [2] . Treatment strategies should be designed to attain and maintain goals to prevent or delay hyperglycemia-related complications [1] . HbA1c targets may be achieved and maintained with a stepwise approach to treatment intensification, based on regular HbA1c testing to identify the need for additional therapy if treatment goals are not met [1] . Often, the recommended first step in pharmaceutical treatment is metformin. Guidelines recommend that if a patient's HbA1c level is above goal after 3 months, a second agent should be added to metformin. The ADA recommends the addition of one of the following six available treatment options:
sulfonylurea, thiazolidinedione, dipeptidyl peptidase-4 (DPP-4) inhibitor, sodium-glucose co-transporter 2 (SGLT-2) inhibitor, glucagon-like peptide-1 receptor agonist (GLP-1 RA), or basal insulin [1] . If the HbA1c goal is not achieved or the patient's glycemic control is not maintained with dual therapy, triple therapy can be initiated [1] . For patients with marked hyperglycemia (HbA1c C 10.0%) at diagnosis, initial treatment with insulin may be considered [1] . Combination injectable therapy comprising basal insulin plus preferably a GLP-1 RA or rapid-acting insulin (or a change to premixed insulin twice daily) is usually the next recommended step in the treatment course if HbA1c remains above target [1] . The latest algorithm from the American Association of Clinical Endocrinologists (AACE)/American College of Endocrinology (ACE) recommends initiation with combination therapy rather than monotherapy in patients presenting with HbA1c C 7.5% [if the HbA1c goal is B 6.5%] and initiating treatment with insulin, with or without other agents, in symptomatic patients presenting with HbA1c [ 9.0% [3] . AACE/ACE recommends antihyperglycemic agents in descending order of preference.
However, the often-used stepwise approach to diabetes treatment may not be ideal, as it can leave patients exposed to periods of uncontrolled HbA1c between treatment steps [4, 5] . In a study by Khunti et al., for example, among type 2 diabetes (T2D) patients with HbA1c C 7.0% who were receiving one oral antidiabetes drug (OAD), patients had 2.9 years between initiation of the first OAD and the second and [ 7 years before initiation of basal insulin [5] . Furthermore, a stepwise approach may not be effective for many patients-a previous study observed that only 53% of patients in the USA receiving stepwise therapy achieved and maintained a target HbA1c level of \ 7.0% [6] .
While having a choice of therapies can be beneficial, the variety of treatment options available to clinicians and patients for initiating intensified regimens can also complicate individualized patient management. Despite elevated HbA1c levels, a number of physician-, patient-, and healthcare delivery system-related resistance factors may contribute to delays in treatment intensification [7] [8] [9] [10] . These include senses of loss of control or of personal failure and injection-related anxiety among some patients who have had recommendations for initiating insulin or GLP-1 receptor agonist therapy and concerns about hypoglycemia and/ or weight gain and perceived low efficacy of insulin among some patients and providers [7, 10] . This failure of therapy intensification despite an inadequate achievement of target glycemia with the current treatment regimen is known as clinical inertia [11] or clinical myopia [9] and is an established problem contributing to prolonged elevated glycemic levels despite treatment with OADs [4, 5, 12] . Results from published studies continue to demonstrate that clinical inertia, as a delay or a lack of treatment intensification in people with T2D, is common in clinical practice [5, 13, 14] .
Alongside the medical consequences for patients with diabetes, clinical inertia also has an impact on healthcare expenditures; overcoming clinical inertia to provide a sustained reduction in HbA1c levels has been associated with significant cost savings and reduced healthcare utilization [15] [16] [17] . Thus, overcoming clinical inertia has the potential to improve both clinical and economic outcomes in T2D patients. The Assessment of Clinical Treatment Inertia and Outcomes aNalysis (ACTION) was conducted to compare clinical and economic outcomes in patients with uncontrolled T2D (HbA1c [ 7.0%) escalating current OAD therapy to 2-OAD therapy (either simultaneously or sequentially) vs. initiation of GLP-1 RA or basal insulin in a real-world clinical setting. [19] .
METHODS

Data Source
Patient Selection Criteria
Data were selected from patients aged C 18 years with a diagnosis of T2D (ICD-9-CM codes 250.x0 or 250.x2) between 1 January 2007 and 31 December 2014 who were treated with a single OAD and also had linked laboratory information. The date of initiation of 2-OAD therapy, GLP-1 RA, or basal insulin was designated as the index date. Patients were required to have C 6 months of continuous health-plan enrollment prior to the index date (the baseline period) and C 12 months after the index date (the follow-up period). All patients were required to have C 1 HbA1c test result of [ 7.0% in the baseline period (inclusive of the index date).
Patients were selected for inclusion in the 2-OAD cohort if they either simultaneously or sequentially initiated treatment with two OADs; these OADs included the biguanide metformin, sulfonylureas, DPP-4 inhibitors, thiazolidinediones, a-glucosidase inhibitors, amylin analogs, meglitinides, and SGLT-2 inhibitors. Patients could be treatment naive or experienced with prior OAD monotherapy, and were required to remain on both newly initiated OAD medications for a minimum of 30 days. Patients were included in the GLP-1 RA cohort if they received the GLP-1 RA exenatide (short-acting or once-weekly formulation) or liraglutide (other GLP-1 RAs were not available during the study period), regardless of receipt of prior or simultaneous OAD medications. Patients were included in the basal-insulin cohort if they received insulin glargine, insulin detemir, or NPH insulin, regardless of receipt of prior or simultaneous OAD medications; patients receiving premix insulin were excluded. Patients were required to have received their 2-OAD regimen, GLP-1, or basal insulin for a minimum of 30 days.
HbA1c changes were evaluated during each quarter of the follow-up period and for the last available measure of HbA1c among patients with follow-up HbA1c measurements available (note: the last available measure of HbA1c was reported for up to 15 months rather than up to 12 months post-index date). HbA1c was reported among patients with a measurement in the quarter, and it was observed that 38, 38, 34, and 29% of patients had a measurement during quarters 1, 2, 3, and 4, respectively, with 73% of patients having at least one follow-up measurement. The database timeline for patient selection is shown in Fig. 1 .
Study Measures and Data Analyses
Eligible patients were categorized into one of three cohorts (2-OAD, GLP-1 RA, or basal insulin) based on the first observed qualifying treatment or regimen. The following parameters were assessed for each patient cohort and analyzed on an intent-to-treat basis: patient demographics, clinical characteristics, longitudinal HbA1c, HbA1c change from baseline, and total all-cause healthcare resource utilization and costs in the follow-up period. Clinical characteristics included the Charlson Comorbidity Index (CCI) score measured during the baseline period, OADs received during the baseline period, and duration of OAD, GLP-1 RA, or basal-insulin treatment during the follow-up period. Longitudinal HbA1c was recorded at baseline (the closest value to the index date, inclusive of the index date, was reported) for the four quarters of the follow-up period (if more than one measurement was available in each quarter, the measurement closest to the end of the quarter was used) and the last available follow-up (defined as the last available HbA1c test value observed during the 15-month post-index date period, using the last observation carried forward). HbA1c change from baseline included the change from baseline to the last available follow-up. The percentage of patients in the following categories of HbA1c was also reported for the baseline and follow-up measurements: \ 7.0%, 7.0 to \ 8.0%, 8.0 MarketScan database not designed to capture clinical outcomes to \ 9.0%, 9.0 to \ 10.0%, and C 10.0%. Total all-cause cost data were obtained from medical and pharmacy claims over the 1-year period following the index date, comprising inpatient, emergency-outpatient, physician-office, other ancillary (including laboratory claims and claims in other healthcare settings, such as outpatient hospital), and pharmacy costs. All analyses were descriptive. Cost values represent the total amounts paid to the provider by both health plans and patients (i.e., cost values represent the sum of health plan payments, patient out-of-pocket expenses, and payments by supplemental insurance plans). Cost values were updated to 2014 US dollars using the medical care component of the consumer price index.
RESULTS
A total of 591,550 T2D patients aged C 18 years were identified as receiving two OADs, GLP-1 RA, or basal insulin in the database. Of these patients, 6054 met all inclusion criteria: 4442 (73.4%) in the 2-OAD cohort, 361 (6.0%) in the GLP-1 RA cohort, and 1251 (20.6%) in the basalinsulin cohort (Fig. 2) .
Patients' demographic and clinical characteristics at baseline are shown in Table 1 . Mean HbA1c at baseline was lowest in the GLP-1 RA cohort (8.8%) and highest in the basal-insulin cohort (10.1%). The basal-insulin cohort also had the highest percentage of patients with HbA1c [ 10.0% (45.7%). Biguanides were the most common OADs received at baseline; 50.0% of the 2-OAD cohort, 47.4% of the GLP-1 RA cohort, and 25.3% of the basal-insulin cohort were receiving this OAD class. Sulfonylureas were the second most common OAD, with 23.4% of the 2-OAD cohort, 15.8% of the GLP-1 RA cohort, and 15.7% of the basal-insulin cohort receiving sulfonylureas.
Duration of treatment, measured as the number of days between the index date and last available evidence of a prescription for the index OAD, basal insulin, or GLP-1 RA, was longest for the 2-OAD cohort (338.9 days) followed by 285.0 days for the basal-insulin cohort and 281.1 days for the GLP-1 RA cohort, indicating higher discontinuation rates among patients initiating injectable therapy.
During follow-up, patients may have intensified treatment with additional therapy or switched therapy, as this study used an intentto-treat approach; patients were not censored at the time of medication discontinuation, switching, or augmentation. Biguanides and sulfonylureas were used more commonly by patients who had initiated injectable therapyespecially those initiating GLP-1 RA therapythan by those in the 2-OAD cohort. A minority of patients in the basal-insulin cohort and the GLP-1 RA cohort added the other injectable therapy to their index therapy. Rapidacting insulin use during the follow-up period was more common and used for a longer period of time among patients in the basal-insulin cohort compared with patients in the other two cohorts ( Table 2) .
Longitudinal HbA1c data and change in HbA1c from baseline are shown in Fig. 3 . HbA1c at baseline was high, indicating the presence of clinical inertia. Following treatment initiation with 2-OAD therapy, GLP-1 RA, or basal insulin, HbA1c levels generally decreased and the decrease was maintained for the duration of the follow-up period (Fig. 3a) . The greatest overall HbA1c reductions from baseline were seen in quarter 2 for the basal-insulin (-2.1%) and 2-OAD (-1.8%) cohorts (Fig. 3b) .
The percentage of patients achieving HbA1c \ 7.0% was lower in the basal-insulin cohort than in the other two cohorts (Table 3) . Despite a greater reduction in HbA1c compared with the other two cohorts, patients in the basal-insulin cohort, who had a higher mean HbA1c at baseline, were less likely to reach the target HbA1c.
Patients in the basal-insulin cohort had more inpatient days and emergency-department (ED) visits than patients in the other two cohorts. Patients in the 2-OAD cohort had fewer claims for physician-office visits than patients in the other two cohorts (Supplementary Table 1) .
Patients in the 2-OAD cohort had the lowest mean (SD) all-cause total healthcare costs during the 12-month follow-up period, followed by those in the GLP-1 RA cohort, while total healthcare costs were highest in the basal-insulin cohort. Inpatient and ED visit costs were the main drivers of total cost in the basal-insulin cohort, while pharmacy costs (i.e., any costs directly related to drugs, excluding monitoring costs) were the main drivers of total cost for patients in the other two cohorts (Supplementary Table 2 ).
DISCUSSION
This retrospective analysis of data from a large US claims database was conducted to compare outcomes in patients with uncontrolled T2D intensifying anti-hyperglycemic therapy by initiating treatment with two OADS, GLP-1 RA, or basal insulin. The study results show that many patients are not at optimal glycemic control: HbA1c at baseline was high in all cohorts but highest in patients initiating basal insulin. Average HbA1c levels decreased in all cohorts following treatment intensification; the greatest reduction was seen in the basal-insulin cohort, which also had the highest HbA1c at baseline. Despite robust HbA1c lowering following treatment intensification, many patients still failed to achieve target HbA1c levels. More timely treatment intensification, including earlier use of combination therapy, could help improve the achievement of glycemic control and impact of timely treatment intensification on attaining and maintaining glycemic goals and should be investigated further.
While the recommended stepwise approach for diabetes management [1, 3] is appropriate for many patients, it may not always be effective. For a variety of reasons, the next step in anti-hyperglycemic treatment may often be initiated very late: by the time intensification occurs, HbA1c values may have already reached levels that are so high that it is difficult to effectively achieve the guideline-recommended HbA1c target, despite robust glycemic lowering with a variety of agents-as seen in this study. The greatest overall HbA1c reductions in this study were seen in quarter 2 for both the basal insulin and 2-OAD cohorts. These findings suggest that if patients do not achieve HbA1c \ 7% with 2-OAD, basal insulin, or GLP-1 RA therapy within the first 6 months following initiation, they have a low probability of achieving control thereafter. Altering treatment regimens by adding or changing antihyperglycemic agents should be considered when HbA1c goals are not achieved within 3-6 months, as recommended by the ADA [1] . In this analysis, most patients in the basal-insulin cohort did not achieve target HbA1c levels, despite having a greater reduction in HbA1c from baseline compared with the other two cohorts. Potential reasons may be that, on average, they had higher HbA1c at baseline and a greater percentage of patients in the basal-insulin cohort had an HbA1c [ 10.0% at followup compared with the other cohorts. Patients initiating basal insulin also had a higher CCI score, suggesting a cohort of more difficult-totreat patients.
In this study we speculate that the high HbA1c levels observed at baseline prior to treatment intensification could be the result of clinical inertia. It is plausible that either clinical inertia or the physician's perception regarding when treatment goals have been achieved is partly responsible for the observation that a large proportion of patients in the current study had poorly controlled diabetes in the baseline period. This observation is in line with other recently published evidence; based on an analysis of the prevalence of clinical inertia among patients with T2D with personalized HbA1c goals in the US managed-care setting, Lin et al. concluded that clinical inertia-defined as failure to have therapy initiated or intensified despite an inadequate treatment response-is high and has increased in recent years [8] .
Results from the current study are in line with those from another real-world retrospective analysis of T2D patients from the MarketScan database, which reported low rates of treatment b Fig. 2 patients initiating OADs to 74% of patients initiating basal insulin [20] . A retrospective study involving databases from the US and multiple European countries found that after 2 years of basal-insulin therapy, only 27.8% of patients achieved the HbA1c goal of \ 7.0%, down from a mean baseline HbA1c level of 9.0% [21] . Fu and Sheehan reported that 52% of adult T2D patients who were uncontrolled on OADs with a baseline HbA1c of C 8.0% had not received treatment intensification after 1 year of follow-up even though these patients were considered eligible for treatment intensification [22] . Likewise, less than half (49%) of older adult T2D patients with a baseline HbA1c of C 8.0% despite treatment with two OADs received intensified treatment during follow-up, with median time to intensification of 18.5 months [14, 23] , although the reasons for clinical inertia can be multifactorial [10] .
The results from the current study argue for more intensive treatment and the implementation of strategies to overcome clinical inertia. A detailed discussion of the causes of and In our analysis, patients in the basal-insulin cohort had higher total all-cause healthcare costs and more inpatient and ED visits compared with patients in the other two cohorts. These patients had higher HbA1c levels and CCI scores at baseline, and it is possible that they had a longer duration of diabetes and more medical problems overall. Clinicians may have reserved high-efficacy therapy (i.e., basal insulin) for these patients. However, despite basalinsulin therapy, HbA1c remained uncontrolled and patients incurred higher costs. It is possible that overcoming clinical inertia and treating patients earlier would help reduce HbA1c more effectively and could therefore have the potential to contain healthcare costs. The finding of a higher baseline HbA1c and poorer health status of patients initiating basal insulin compared with those initiating a GLP-1 RA was also reported in a real-world clinical and economic outcomes study in T2D patients in the USA [24] . Further studies are needed to better understand the association among earlier treatment intensification, HbA1C goal attainment, and healthcare costs.
A strength of this analysis is that the large administrative claims database included information for US patients across all care settings (e.g., inpatient, ED, physician's office) and for prescriptions and laboratory tests. Patient baseline characteristics were similar to those found in comparable US studies describing retrospective observational database analyses [16, [25] [26] [27] [28] [29] .
Several limitations, however, should be taken into account when considering the findings of this study, some of which are due to the limitations and biases inherent to retrospective analyses of claims data [30] . Further, the MarketScan database is not designed to capture clinical information, and this is reflected in the low number of patients with HbA1c values available at all time points in the follow-up period; HbA1c data for quarters 1, 2, 3, and 4 were available for an average of 38%, 38%, 34%, and 29% of patients, respectively, although this could have been due to a failure of clinicians to obtain HbA1C levels at guideline-recommended intervals. Findings of this analysis may also be confounded by the fact that some patients may have received further treatment intensification with additional therapy, may have switched therapy during follow-up, or may have increased medication doses. As it was not possible to randomize patients to treatment groups, the data may be subject to selection bias in terms of representativeness of the study population and their treatment regimens to the overall population of patients with T2D. Patients receiving treatment with GLP-1 RAs, for example, may not be the same as those being treated with basal insulin; those treated with basal insulin will likely have more advanced disease, more comorbidities, and higher HbA1c, while patients treated with a GLP-1 RA may have received these agents rather than basal insulin because of concerns about body weight (exemplified by the higher proportion of female patients in the GLP-1 RA cohort) or a need to minimize weight gain during treatment, or to reduce the risk of hypoglycemia, or as a result of health-plan coverage and co-pay policies. Likewise, the magnitude of the change in HbA1c from baseline is not only influenced by the HbA1c level at baseline, but also by the selection of included patients (e.g., duration of diabetes). Furthermore, the three cohorts compared in this study had different sample sizes: the sample size of the GLP-1 RA cohort was one-third that of the BI cohort and 12 times smaller than the 2-OAD cohort, which hampers between-group Poor medication adherence in the real world is thought to be a key reason for real-world patients having poorer outcomes than the counterparts participating in randomized clinical trials [31] . In addition to the potential effect of cohort size, this observation could be explained by the relatively better HbA1c control at baseline in the GLP-1 RA cohort. Also, the cohort might have been exposed to slightly less intensive treatment approaches compared with the other cohorts. HbA1c levels at last available follow-up were similar for the 2-OAD and GLP-1 RA cohorts. Further, patients were evaluated based on an intent-to-treat approach and were not censored at the point of medication discontinuation, switching, or augmentation. It was not within the scope of this analysis to measure the effect of a treatment change on HbA1c. Next steps for further research could include an evaluation of HbA1c following treatment changes such as further intensification or treatment switching or an analysis of matched patient cohorts. Additionally, this study did not examine clinical inertia itself or the reasons why glycemic targets were not met. Finally, the current study reported a fairly low use of metformin (25.3%) in combination with basal insulin. Treatment guidelines recommend continuing metformin (unless there are contraindications or intolerance to its use) as background therapy and in combination with insulin and other agents in patients who do not reach their glycemic target on monotherapy [1, 3] . Only 50.1% of patients from the French national health insurance database had co-prescription claims for insulin and metformin (59.6% had a co-prescription of basal insulin only and metformin) [32] . The low use of metformin in the current study may be the result of the fact that baseline treatment utilization for all patients was measured during a 6-month preindex period (potentially missing earlier prescriptions with long lengths of script). Therefore, the low metformin use could be due to a failure to observe baseline medication history for a longer period or the result of patients not being able to tolerate metformin in the long term.
CONCLUSIONS
The high percentage of T2D patients not at optimal glycemic control in this retrospective analysis of data may be the result of clinical inertia in the period prior to treatment intensification, although the study did not look at clinical inertia itself. Despite robust lowering in HbA1c following treatment intensification, many patients still did not achieve guidelinerecommended HbA1c levels, suggesting a need for earlier and/or more intensive treatment, including combination pharmacotherapy. Such strategies may be helpful in getting more patients to goal earlier and provide better durability of glycemic control, thus reducing their exposure to hyperglycemia, which may be associated with both clinical and economic benefits.
